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Abstract:
Comparative anatomy and the construction of muscle maps can be used to study and learn more 
about the muscle structures and functions and thus the lifestyles of extinct species. In this research three 
felids from the family Felidae, were compared using scapular muscle maps constructed for each. The 
scapular muscles of two living felids, the house cat and the endangered clouded leopard were dissected 
and muscle maps were constructed for each. The scapula bones of the Saber-toothed tiger were examined 
at the Field Museum and muscle maps were constructed using the maps of the cat and leopard as guides. 
Roughened areas on the scapular bones helped identify the specific location of muscle attachments. These 
felids are easily comparable because they are phylogenically related and their scapular bones are very 
similar in shape. This type of comparative anatomy can be used to study and learn about more extinct 
species if they are comparable to other living species.
Introduction:
There are many similarities between the common house cat, the endangered Clouded leopard, and 
the Saber-toothed tiger. All three of these animals come from the Felidae or cat family, but are a part of 
different genius and species. There is obviously a lot known about the house cat, but information about 
the clouded leopard and saber toothed tiger is very sparse since the leopard is endangered and the tiger 
has been extinct since about 10,000BC. Comparative anatomy and constructing muscle maps can be very 
useful when trying to learn more about endangered and extinct species.
The Clouded Leopard, Felidae Neofelis nebulosa, is a tree dweller and routinely hangs by its hind 
legs using its long tail for balance and has the ability to run head-first down tree trunks. These highly 
acrobatic abilities are unusual for felids, and have only been reported for two other cats, the Central 
American margay and the marbled cat (Wozencraft, 2005). Clouded leopards are the smallest of the “big 
cats,” with a body size and shape reminiscent of a small cat, combined with the cranial and dental 
structure of a pantherine cat (Wozencraft, 2005). One of the more unusual features of these animals, and
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the reason they are placed in their own monotypic genus, is the presence of greatly elongated canine teeth 
that may show sharp-edged posterior keels, similar to those of the extinct saber-tooth (Christiansen,
2006). Clouded leopard weights range from 16 - 23 kg and they are about 60- 106 cm. in head and body 
length, excluding the tail, which adds from 55-91 cm. additional to their total length. The extremely long 
tail in this cat is used for maintaining balance while climbing (Wozencraft, 2005).
Unlike the Clouded leopard, the common house cat, Felidae Felis domesticus, spends most of its 
time on the ground, because it does not have the ability to climb down a tree after it climbs up. By 
studying and comparing the cat and leopard in depth it enables us to construct muscle maps for an extinct 
animal in the Felidae family, Felidae Smilodon fatalis or commonly known as the Saber-toothed tiger. 
The saber-toothed tiger became extinct around 10,000BC so not much is known about their lifestyle and 
social behavior. It is known, however, that they had relatively long canines which they used to kill their 
prey, and relatively shorter but more massive limbs than other felines. Their long canines seem similar to 
those found in the endangered clouded leopard, and thus they may be more closely related than previously 
thought and some of their other features, including muscle structures, might also be similar (Christiansen, 
2006). The saber-toothed tiger had well developed flexors and extensors most likely helped them wrestle 
with and pull down their prey.
Although the saber-toothed tiger is not able to be dissected and its muscle structures are relatively 
unknown, there are still bones available that can be examined and compared to other closely related 
animals. Ligaments and other collagenous structures can produce scarring on the bones identical to the 
tendons, and thus areas of muscle attachment can usually be seen on the bones. Bony features, such as 
tuberosities and ridges, may also be generated by more than one kind of soft tissue including muscles and 
connective tissue. These bony features are easily identified on bones and can usually be associated with a 
muscle attachment. Since the shape of the scapula in these three animals is almost identical, except for its
overall size, it can rightly be assumed that the muscle attachments would also be found on similar spots 
on the scapulas of each of these animals.
The purpose of doing this kind of research and comparative anatomy is to help identify the 
similarities and differences in the muscle structures between these three felines, which can ultimately help 
us, determine how similar they are. Comparing muscle maps of the cat to the leopard and then to the 
saber-toothed tiger bones can help us determine qualities about the saber-toothed tiger that are not known 
because it is extinct. Since the shape of the scapula in these three animals is almost identical, except for 
its overall size, it can rightly be assumed that the muscle attachments would also be found on similar 
spots on the scapulas of each of these animals. I estimated the locations of muscle attachments on the 
saber-toothed tiger bones by observing them closely, identifying roughened areas, and taking pictures of 
the bones. I used the muscle maps previously constructed for the house cat and clouded leopard to help 
find the relative areas on the bones where each muscle should be attached. Ligaments and other 
collagenous structures can produce scarring on the bones identical to the tendons, and thus areas of 
muscle attachment can usually be seen on the bones. Bony features, such as tuberosities and ridges, may 
also be generated by more than one kind of soft tissue including muscles and connective tissue. These 
bony features are easily identified on bones and can usually be associated with a muscle attachment.
Materials/Methods:
Two clouded leopards were obtained through the Smithsonian Institution Osteopreparatory 
laboratoiy and are housed in the research collection of the biological sciences department of Northern 
Illinois University (specimen # NIU 2105). Both animals died of natural causes. Following necropsy, the 
animals were transported to Northern Illinois University for further dissection and analysis of the 
recorded results. Preserved specimens of six domestic cats, Felis domesticus, were obtained from 
NASCO Biological Supply Company and were studied as a comparison to N. nebulosa.
W 3
My research included dissections of the forelimb of both the common house cat and the clouded 
leopard. First, the common house cat was dissected. During the dissection each muscle was identified, 
including its origin, insertion, and action. The specific sites of the muscle origins and insertions were 
mapped out on pictures of the scapula. Next, the Clouded leopard was dissected in the same fashion, and 
new muscle maps will be constructed. The two sets of muscle maps were compared and differences were 
noted, including sizes and locations of the origin and insertion sites. We then took a trip to the Field 
Museum in downtown Chicago to look at the bones of the Saber-toothed tiger and identify roughened 
spots on the bone where muscle attachment was a possibility. The muscle maps constructed for the cat 
and leopard were used to help predict where these muscle attachment sites should be located. The saber- 
toothed scapulas that were examined were specimen # FMNS PI2417 and FMNS PI2417.
Results:
The Scapula is a triangular shaped bone that is part of the upper limb. It covers an area from 
about the second to the seventh ribs of the dorsum of the thorax. There are specific structures on the 
scapula that are distinctive and important sites for muscle attachments. There two surfaces, the lateral and 
medial, three angles, the cranial, caudal and articular, and three sides or borders of the scapula including 
the caudal border, vertebral border, and cranial border. The caudal border of the scapula runs from the 
glenoid cavity and slopes downward to the caudal angle. This side of the scapula is relatively straight 
unlike the other two sides, which have an arched shape. It is the thickest of the three borders and has three 
muscles which originate from it and then attach to the humerus. The caudal angle separates the caudal 
border from the vertebral border. The vertebral border of the scapula runs from the caudal to the cranial 
angle and has an arched shape. The vertebral border of the scapula is the side that runs parallel with the 
vertebrae and has relatively intermediate thickness. This border has insertion points for numerous muscles 
which originate on the spine or the ribs and attach to the vertebral border, including the rhomboids. The 
cranial angle separates the vertebral border from the cranial border. The cranial border is the side which
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faces the head, or cranium, and is arched much like the vertebral border. It runs from the cranial angle 
back to the articular angle, and is a site for other muscle attachments.
The articular angle separates the cranial border from the caudal border. Bony structures on the 
articular angle that are associated with muscle attachment sites are the supraglenoid tubercle, which is 
located on the medial and lateral sides of the scapula, and the coracoid process, which is only on the 
medial side. The glenoid fossa of the articular angle is the part of the scapula which articulates with the 
humerus and forms the shoulder joint. The spine of the scapula is a raised part of the bone which is 
located down the center of the scapula on the lateral surface, the side which faces away from the body. 
The spine separates the superior surface, which is a concave surface that forms the supraspinatus fossa, 
and the inferior surface which forms the infraspinatus fossa. On the part of the spine that is close to the 
attachment of the humerus there are two processes, the acromion and the metacromion, which are specific 
sites of muscle attachments. On the medial surface of the scapula there are also a couple structures that 
are important sites for muscle attachments. The subscapular fossa spans the entire medial side and there 
are longitudinal ridges which lie on the floor of the fossa. These ridges are sites of muscle attachment.
Muscles that originate from the spine:
Trapezius is a triangular shaped muscle that is bordered cranially by clediocervicalis and 
caudally by latissimus dorsi (Rosenzweig, 1990). Contracting the entire trapezius muscle causes 
the thoracic limb to be elevated (Rosenzweig, 1990). In Felidae Felis domesticus, the origin of 
the trapezius muscle, which includes trapezius cervicalis and trapezius thoracis, is on the third to 
the fifth cervical vertebrae and the fourth to the twelveth thoracic vertebrae respectively. The 
insertion of the trapezius muscle was on the cranial side of the spine of the scapula from about a 
fourth of the way up the spine after the metacromion process to almost the vertebral border of the 
scapula. This muscle passes over and inserts on the tuberosity of the spine of the scapula. The 
trapezius cervcalis portion of the muscle weighed 2.80g and the trapezius thoracis portion
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weighed 3.56g. In Felidae Neofelis nebulosa, the origin of trapezius cervicalis is on the vertebrae, 
from the third cervical vertebrae to the first thoracic vertebrae, and inserts on the spine of the 
scapula on the cranial side, from the tuberosity to the acromion process. The weight of this 
muscle is 10.98g, the length is 11.2cm and the width is 6.8cm. The origin of trapezius thoracis is 
the spinous processes of thoracic vertebrae, T2-T7, and the insertion is on the spine of the scapula 
where the tuberosity ends and runs toward the vertebral border of the scapula. The weight of this 
muscle is 9.56g, the length is 15.6cm, and the width is 6.1 g. The position of this muscle on the 
scapula of Felidae Smilodon fatalis is on the spine from where the spine meets the vertebral 
border until it runs into the insertion of spinotrapezius about three-fourths of the way down the 
spine towards the metacromion process. This muscle lies on the top of the spine and the cranial 
side.
Rhomboideus capitis is a long, thin muscle band which is part of the Rhomboid muscle 
mass (Rosenzweig, 1990). It works in conjunction with the other rhomboideus muscles to elevate 
the thoracic limb and keep the scapula pressed firmly against the vertebral column (Rosenzweig, 
1990). In Felidae Felis domesticus, this muscle originates off the skull, near the external occipital 
protuberance and inserts on the vertebral border of the lateral and medial side of the scapula 
starting from the cranial angle and running about a fourth of the way down the border. This 
muscle sits right next to rhombiodeus cervicis and weighs about 1.15g. In Felidae Neofelis 
nebulosa, the origin of rhombiodeus capitis was unknown because the skull was removed from 
the leopard but is predicted to be on the skull near the external occipital protuberance. The 
insertion is on the vertebral border about 3-4cm from the cranial angle next to the insertion of 
rhombiodeus cervicis. The weight of this muscle is 6.08g, the length was 12.7cm, and the width 
was 6.1cm. The position of this muscle on the scapula of Felidae Smilodon fatalis, is near the
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cranial angle on both the medial and lateral surfaces of the vertebral border, and it runs about one- 
fourth of the length of the border until it reaches the insertion of rhombiodeus cervicis.
Rhomboideus cervicis consists of five to six muscle bands which originate from cervical 
vertebrae and are part of the Rhomboid muscle mass (Rosenzweig, 1990). It also works in 
conjunction with the other Rhomboideus muscles and performs the same action as Rhombiodeus 
capitis (Rosenzweig, 1990). In Felidae Fells domesticus, rhombiodeus cervicis originates from 
the third to the seventh cervical vertebrae and attaches in almost the middle of the vertebral 
border on the lateral and medial side of the scapula in between rhombiodeus capitis and thoracis. 
The weight of this muscle is about 2.1g. In Felidae Neofelis nebulosa, the origin of this muscle is 
from the spinous processes of cervical vertebrae, C3 through Cl. The insertion point is on the 
center of the vertebral border of the scapula between rhombiodeus capitis and thoracis. The 
muscle weight is 17.71 g, the length is 13cm, and the width is 5.9cm. The position of this muscle 
on the scapula of Felidae Smilodon fatalis is in the middle of the vertebral border of the scapula 
on the medial and later surfaces. It takes up the majority of the border and is in between the 
insertions of rhombiodues capitis and thoracis.
•• i: Rhomboideus thoracis consists of the muscle bands which originate from the thoracic
vertebrae and help perform the same action as the other Rhomboid muscles (Rosenzweig, 1990).
In Felidae Felis domesticus, rhombiodeus thoracis originates on the spinous processes of
vertebrae from C7-T2. The insertion of this muscle is on the vertebral border of the lateral side of
the scapula from a little under the area where the spine of the scapula intersects with the vertebral
border until it runs into the insertion of teres major at the caudal angle. The weight of this muscle
is about 2.24g. In Felidae Neofelis nebulosa, the origin rhombiodeus thoracis is on the spinous
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processes of vertebrae from C7 through T2, and the insertion was on the caudal portion of the 
vertebral border of the scapula beginning at the caudal angle and running about a third of the way 
up the border until the insertion point of rhombiodeus cervicis. The weight of this muscle is 
8.34g, the length is 9.1cm, and the width is 3.8cm. The position of this muscle on the scapula of 
Felidae Smilodon fatalis is near the caudal angle of the scapula on the medial and lateral surfaces, 
on a small section between rhombiodeus cervicis and teres major. It does not insert directly on the 
angle because that is the insertion point of teres major.
Muscles originating from the ribs:
Serratus ventralis cervicis is a large, fan-shaped muscle that lies between the medial 
surface of the scapula and the cranial portion of the thorax (Rosenzweig, 1990). This is the cranial 
part of the muscle which originates on the cervical vertebrae and inserts on the scapula 
(Rosenzweig, 1990). Independent contraction of this muscle moves the trunk cranially between 
the weight-bearing limbs(Rosenzweig, 1990). In Felidae Felis domesticus, this muscle originates 
on the transverse processes on cervical vertebrae five through seven. Each of the five muscle 
bands corresponds individually with one of the five cervical vertebrae. The insertion of the 
muscle is on the medial side of the scapula on the vertebral border from about the midpoint of the 
border to the cranial angle. The weight of the muscle is 6.64g, the length is 9.2cm, and the width 
is 5cm. In Felidae Neofelis nebulosa, the origin of serratus ventralis cervicis is on the cervical 
vertebrae from C5-C7, and the insertion is on the medial surface of the scapula, in the middle of 
the vertebral border, superficial to serratus ventralis thoracis. The weight of this muscle is 14.17g, 
the length is 13.4cm, and the width is 9.4cm. The position of this muscle on the scapula of
Felidae Smilodon fatalis is on the medial surface deep to rhombiodeus capitis and cervicis. The
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insertion starts at the cranial angle and runs about two-thirds of the way towards the caudal angle 
just below the vertebral border.
1 Serratus ventralis thoracis is a fan-shaped muscle which lies between the medial 
surface of the scapula and the cranial portion of the thorax (Rosenzweig, 1990). This is the 
thoracic portion of the muscle which originates on the ribs and insert onto the scapula 
(Rosenzweig, 1990). Independent contraction of this muscle causes the trunk to be moved 
caudally between the weight bearing limbs (Rosenzweig, 1990). In Felidae Felis domesticus, the 
origin of this muscle is on the external surfaces of the first through the ninth ribs. Each muscle 
band corresponded with and attached to one of the ribs. The insertion of this muscle begins right 
next to the serratus ventralis cervicis insertion and runs toward the caudal border for about 1.4cm. 
The weight of the muscle is 9.48g, and length is 4.5cm, and the width is 7.6cm. In Felidae 
Neofelis nebulosa, the origin of serratus ventralis thoracis is on the external surfaces of the ribs 
from the first to the ninth ribs, and the insertion point is on the medial surface of the scapula near 
the vertebral border from the caudal angle to about two-thirds of the way down to the cranial 
border. This muscle sits deep to serratus ventralis cervicis and weighs 17.5g, and has a length and 
width of 7.5cm and 9.9cm respectively. The position of this muscle on the scapula of Felidae 
Smilodon fatalis is on the medial surface of the scapula deep to the rhombiodeus thoracis muscle 
between the insertions of serratus cervicis and teres major. It lies below the vertebral border.
Muscles originating from the spine of the scapula:
most superficial of the lateral scapular muscles (Rosenzweig, 1990). The action of the deltoids as 
a whole is that they flex the shoulder joint (Rosenzweig, 1990). In Felidae Felis domesticus,
Spinodeltiodeus is the triangular-shaped caudal portion of the deltoid muscles, and is the
spinodeltiodeus originates on the caudal border of the spine of the scapula from the metacromion
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process to the tuberosity of the spine. This muscle inserts onto acromiodeltiodeus at about the 
midpoint of the muscle. The weight of this muscle was 1.54g. In Felidae Neofelis nebulosa, 
spinodeltiodeus originates from the caudal side of the spine of the scapula from the metacromion 
process to the middle of the tuberosity. It inserts via tendons onto acromiodeltiodeus. The weight 
of this muscle is 9.89g, the length is 9.1cm, and the width is 3.3cm. The position of this muscle 
on the scapula of Felidae Smilodon fatalis is on the spine of the scapula from about the midpoint 
of the spine next to the insertion of trapezius to the metacromion process. This muscle is found on 
the top and caudal sides of the spine.
Mi?:
Acromiodeltiodeus is a fusiform-shaped muscle which is the cranial portion of the 
deltoids. It is the also one of the most superficial muscles of the lateral scapula (Rosenzweig, 
1990). When moved in conjunction with spinodeltiodeus, this muscle will help flex the shoulder 
joint but when used independently will move the thoracic limb away from the body, abduct 
(Rosenzweig, 1990). In Felidae Felis domes ticus, acromiodeltiodeus originates on the caudal 
border of the acromion process of the scapula. It inserts on the deltoid ridge of the scapula and 
then inserts onto the distal part of brachialis and pectoralis. The weight of this muscle was 1.50g. 
In Felidae Neofelis nebulosa, the origin of acromiodeltiodeus is the part of the spine of the 
scapula between the acromion and metacromion processes. The insertion is on the deltoid ridge 
for about 3.5cm and the area of the humerus below the ridge on the lateral side. The weight of 
this muscle is 7.16g, the length is 6.6cm, and the width is 3.3cm. The position of this muscle on 
the scapula of Felidae Smilodon fatalis is on the acromion process starting under the insertion of 
omotransversarium and running down the spine towards the neck of the scapula. This muscle is
located on the cranial side of the spine.
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Omotransversarium is a long , thin, strap-like muscle which extends from the scapula to 
the wing of the atlas, the first cervical vertebrae (Rosenzweig, 1990). A contraction of this muscle 
on their side of the body will cause the head to rotate in the direction of the contracting muscle 
(Rosenzweig, 1990). In Felidae Felis doniesticus, omotransversarium has two origins, one on the 
transverse process of the atlas and the other on the basioccipital bone of the skull. It inserts onto 
the metacromion process of the scapula ventral to acromiotrapezius. The weight of this muscle 
was 1.33g. In Felidae Neofelis nebulosa, the origin of omotransversarium is the metacromion 
process of the scapula and also a small portion on the spine of the scapula and it inserts on the 
posterior side of the wing of the atlas (first cervical vertebrae). The weight is 6.43g, the length is 
12.1cm, and the width is 2.8cm. The position of this muscle on the scapula of Felidae Smilodon 
fatal is is on the metacromion process on the part of the scapula most proximal to the humerus.
Muscles originating from the caudal border of the scapula:
i f
Triceps Brachii Long Head is the largest of the three triceps heads and is located on the 
caudal side of the humerus (Rosenzweig, 1990). It originates off the caudal border of the scapula 
and inserts onto the elbow joint (Rosenzweig, 1990). The action of this muscle is to flex the 
shoulder joint (Rosenzweig, 1990). In Felidae Felis domesticus, the origin of the long head is on 
the caudal border of the scapula for about 2.7cm from the middle of the border to the edge of the 
articular angle near the glenoid fossa of the scapula. The insertion points are onto the medial head 
of triceps brachii and part of latissimus dorsi via tendons, and onto the elbow joint via the 
common tendon of triceps brachii. The weight of this muscle is 10.95g, the length is 9.6cm, and 
the width is 2.4cm. In Felidae Neofelis nebulosa, the origin of the long head is the caudal border 
of the scapula from the edge of the articular angle to the midpoint of the caudal border, about 
3.5cm. The insertion point is on the tuberosity of the olecranon via the common tendon of triceps
brachii. The weight is 53.15g, the length is 12.2cm, and the width is 4.5cm. The position of this
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muscle on the scapula of Felidae Smilodon fatalis is directly on the caudal border deep to the 
insertion of teres minor. This insertion begins very close to the articular angle and runs about 
halfway up the caudal border towards the caudal angle.
Teres Major is a very thick muscle band which is situated close to subscapularis but 
caudal in relation to it (Rosenzweig, 1990). This muscle originates on the scapula and then unites 
with latissimus dorsi to insert on the humerus (Rosenzweig, 1990). Teres major works in 
conjunction with teres minor to flex the shoulder joint. In Felidae Felis domesticus, teres major 
originates on the caudal angle of the lateral and medial sides of the scapula and also extends 
about a third of the way down the caudal border. The insertion point is via a wide flat tendon with 
latissimus dorsi onto the medial side of the humerus about 2.5cm below the head of the humerus, 
and the weight is 4.38g. In Felidae Neofelis nebulosa, the origin is off infraspinatus and 
subscapularis and the caudal border of the scapula starting at the caudal angle and running about a 
third of the up the caudal border towards the articular angle. The insertion is onto the tuberosity 
of the humerus via a conjoined tendon with latissimus dorsi. The weight is 8.46g, the length is 
10.5cm, and the width is 3cm. The position of this muscle on the scapula of Felidae Smilodon 
fatalis is on the caudal angle and caudal border of the medial and lateral surfaces of the scapula. It 
begins at the caudal angle and runs about a third of the way down the caudal border towards the 
articular angle. It does not touch the insertion of the long head.
Teres Minor is a very small, flat muscle which lies deep to infraspinatus and the deltoid
muscles (Rosenzweig, 1990). This muscle originates from the scapula and inserts on the humerus
(Rosenzweig, 1990). The action of this muscle is to weakly flex the shoulder joint (Rosenzweig,
1990). In Felidae Felis domesticus, the origin of teres minor is on the caudal border of the
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scapula superficial to the long head of triceps brachii and the insertion point is just below the 
head of the humerus on the lateral side. The weight of this muscle is 0.52g. In Felidae Neofelis 
nebalosa, the origin of teres minor is on the distal part of the caudal border of the scapula for 
about 2.3cm. It inserts on the teres tuberosity of the humerus on the lateral side slightly to the 
right of the head of the humerus. The weight is 1.15g, the length is 5cm and the width is 1.5cm. 
The position of this muscle on the scapula of Felidae Smilodon fatalis is slightly above the caudal 
border in the infraspinatus fossa and deep to the long head of triceps brachii, which lies directly 
on the caudal border.
Muscles originating from articular angle:
| Coracobrachialis is a long and narrow muscle which runs from its origin on the scapula 
to the medial surface of the humerus where it inserts (Rosenzweig, 1990). Its main action is to 
adduct the thoracic limb (Rosenzweig, 1990). In Felidae Felis domesticus, the origin of 
coracobrachialis is on the coracoid process of the scapula which is a small projection of the bone 
that is located near the glenoid process on the medial side of the scapula, superficial to 
subscapularis. The insertion point of this muscle is on the medial side of the humerus just below 
the head of the humerus. The weight of this muscle is 0.05g. In Felidae Neofelis nebulosa, the 
origin of coracobrachialis is on the coracoid process on the medial side of the scapula, and the 
insertion is below the head of the humerus on the medial side. The weight of the muscle is 2.3 lg, 
the length is 3.5cm, and the width is 1.2cm. The position of this muscle on the scapula of Felidae 
Smilodon fatalis is on the coracoid process on the medial surface of the scapula near the insertion 
of biceps brachii.
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Biceps Brachii is a fusiform-shaped muscle that lies on the medial surface of the
humerus (Rosenzweig, 1990). It originates from the scapula and inserts on the humerus 
(Rosenzweig, 1990). The actions of this muscle are to extend the shoulder joint and flex the 
elbow joint (Rosenzweig, 1990). In Felidae Felis domesticus, the origin of biceps brachii is on 
the supraglenoid tubercle of the scapula via a long tendon which passes through the 
intertubercular groove of the humerus. The insertion of this muscle is on the radial tuberosity of 
the radius bone. The weight of this muscle is 8.14g. In Felidae Neofelis nebalosa, the origin is on 
the supraglenoid tubercle of the scapula and inserts on the radial tuberosity of the radius. The 
weight is 19.36g, the length is 12.3cm, and the width is 2.5cm. The position of this muscle on the 
scapula of Felidae Smilodon fatalis is on the supraglenoid fossa and can be seen on the medial 
and lateral surfaces of the articular angle.
Muscles originating from scapular fossas:
Supraspinatus is a muscle which lies in the fossa located above the spine of the scapula
on the lateral side (Rosenzweig, 1990). This muscle lies deep to the trapezius muscles which 
cover it (Rosenzweig, 1990). This main action is to extend the shoulder joint (Rosenzweig, 1990). 
In Felidae Felis domesticus, the origin of supraspinatus is the entire length of the spine on the 
cranial side, on the floor of the fossa, along the vertebral border near the rhomboids, and all along 
the cranial border. It inserts onto the greater tubercle of the humerus and its weight is 9.67g. In 
Felidae Neofelis nebalosa, supraspinatus originates along the floor of the supraspinatus fossa, the 
cranial side of the spine of the scapula, near the vertebral border and along the cranial border and 
the insertion point is on the greater tubercle. The weight is 14.34g, the length is 9.7cm and the
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width is 2.9cm. The position of this muscle on the scapula of Felidae Smilodon fatalis is in the 
supraspinatus fossa on the lateral surface, above the spine and on the cranial side of the spine.
o Infraspinatus is a triangular-shaped muscle that lies in the fossa below the spine of the 
scapula, known as the Infraspinatus fossa (Rosenzweig, 1990). It lies deep to the deltoid muscles 
and the primary action is to flex the shoulder joint (Rosenzweig, 1990). In Felidae Felis 
domesticus, the origin of infraspinatus is the entire length of the spine on the caudal side, the floor 
of the infraspinatus fossa, the vertebral border below the spine, and the caudal border in 
conjunction with teres major and minor and the long head of triceps brachii. The insertion point 
of this muscle is on the greater tubercle of the humerus below the insertion point for 
supraspinatus. The weight of this muscle is 5.77g. In Felidae Neofelis nebulosa, the origin of 
infraspinatus is on the entire floor of the infraspinatus fossa, the caudal side of the spine of the 
scapula, and along the caudal border, with teres major and minor and the long head, and close to 
the vertebral border deep to rhombiodeus muscles. The weight is 12.53g, the length is 9.2cm, and 
the width is 2.1cm. The position of this muscle on the scapula of Felidae Smilodon fatalis is in 
the infraspinatus fossa on the lateral surface of the scapula, under the spine and on the caudal side 
of the spine.
□  Subscapularis is a relatively large muscle which lies in a fossa on the medial side of the 
scapula (Rosenzweig, 1990). This muscle works in conjunction with infraspinatus to flex the 
shoulder joint (Rosenzweig, 1990). In Felidae Felis domesticus, the origin of subscapularis is the 
subscapular fossa which covers the entire medial surface of the scapula and particularly the 
longitudinal ridges which lie on the floor of the fossa. The muscle touches the cranial and caudal 
borders and attaches up to the insertion points of serratus ventralis and rhombiodeus on the 
vertebral border. The insertion point is on the lesser tubercle of the humerus and the weight of the
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muscle is 6.93g. In, Felidae Neofelis nebulosa, the origin is on the medial surface of the scapula 
in the subscapularis fossa which covers most of the medial surface. It attaches to all of the borders 
and lies deep to the muscles of serratus ventralis on the vertebral border. The weight is 15.23g, 
the length is 10.3cm and the width is 5.4cm. The position of this muscle on the scapula of Felidae 
Smilodon fatalis is on the medial surface of the scapula in the subscapular fossa which covers 
most of the medial side.
Discussion/Conclusion:
The purpose of doing this kind of research and comparative anatomy is to help identify the 
similarities and differences in the muscle structures between these three felines, which can ultimately help 
us determine how similar they are. Comparing muscle maps of the cat to the leopard and then to the 
saber-toothed tiger bones can help us determine qualities about the saber-toothed tiger that are unknown 
because it is extinct and unavailable to be studied anymore. Since the shape of the scapula in these three 
animals is almost identical, except for its overall size, it can rightly be assumed that the muscle 
attachments would also be found on similar spots on the scapulas of each of these animals. I estimated the 
locations of muscle attachments on the saber-toothed tiger bones by observing them closely, identifying 
roughened areas, and taking pictures of the bones. I used the muscle maps previously constructed for the 
house cat and clouded leopard to help find the relative areas on the bones where each muscle should be 
attached.
What I found is that, although the sizes and weights of the muscles differed greatly between each 
animal due to their different overall body sizes, the scapular muscles were still located in relatively the 
same spots on each feline. There were some slight differences seen on the muscles of the clouded leopard, 
including the position and attachment area of the trapezius muscle and the serratus ventralis muscles. The 
trapezius muscle took up a much greater area on the cranial portion of the spine of the scapula, and the 
serratus ventralis muscles occupied a greater region of the medial surface of the vertebral border of the
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scapula. This could be due to the fact that the clouded leopard was able to climb up and down trees 
headfirst, whereas house cats cannot and saber-toothed tigers most likely lived in grasslands and were 
much too large to be found in trees. Clouded leopards habitats included tropical and subtropical forests 
where they dwelled in trees, waiting to secretly attack their prey. Although the ability to climb up and 
down trees headfirst is largely due to its hind limbs and the fact that they can rotate their hind paws in 
order to grip the tree branches, the muscles in the forelimb could have also played an important role.
There is the possibility of error when trying to find the exact muscle sites on extinct animal 
bones, but being able to estimate the site based on roughened areas can teach a person a lot about the 
lifestyle and abilities of a relatively unknown animal. This kind of comparative anatomy can be used 
when studying other extinct animals, only if you are comparing it to closely related living animals. Here I 
was comparing felines from the same family, but different genus and species. These three felines ended 
up being much more closely related then I previously thought. Just by looking at these three animals, 
including their overall size and features one would not assume that they had the same scapular muscles 
attaching in relatively the same positions. Although these animals have much different lifestyles, the cat is 
a domestic animal and a ground-dweller, the leopard is a tree-dweller which preys on other animals, and 
the saber-toothed tiger was a land dweller and a social animal which preyed in packs, they have similar 
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Diagrams
Figure 1: Lateral surface of Felidae Felis domesticus scapula.
Figure 2: Medial surface of Felidae Felis domesticus scapula.
Figure 3: Lateral surface of Felidae Neofelis nebulosa scapula.
Figure 4: Medial surface of Felidae Neofelis nebulosa scapula.
Figure 5: Lateral surface of Felidae Smilodon fatalis scapula.
Figure 6: Medial surface of Felidae Smilodon fatalis scapula.
Figure 7: Caudal side of spine on medial surface of Felidae Smilodon fatalis scapula.
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